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@ A method and apparatus for generating a 
multiphasic defibrillation/cardioversion 
waveform as well as a multiphasic fibrillation 
inducing pulse train. The multiphasic fibrillation 
inducing waveform being applied to the same 
electrodes as the defibrillation/cardioversion 
waveform. 
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BACKGROUND OF THE INVENTION 

The present invention relates to implanted ar- 
rhythmia control devices, and more particularly to a 
non-invasive method and apparatus for inducing ar- 
rhythmias after the device is implanted. More specif- 
ically, it relates to a non-invasive method and appa- 
ratus for generating fibrillation inducing pulse trains 
for the purpose of testing an implanted cardiove- 
sion/defibrillator. 

Ventricular fibrillation typically must be induced 
when an automatic implantable cardioverter defibril- 
lator is implanted and for follow-up studies to test the 
effectiveness of the automatic implantable cardiover- 
ter defibrillator in def ibrillating. 

When implantable arrhythmia control devices 
are used, it is desirable to allow stimulation of the 
heart to induce arrhythmias after the device is im- 
planted, without the need to introduce a separate 
stimulating lead/wire. That is, a non- invasive method 
of inducing arrhythmias is desirable. 

In order to induce fibrillation for the purpose of 
testing an implanted arrhythmia control device, burst 
or ramped burst pacing at very fast stimulation rates 
has been used to induce ventricular fibrillation in 
some patients. However, due to the small energy lev- 
els involved and the relatively small size and place- 
ment of the pacing electrode system, this method 
does not successfully induce ventricular fibrillation. 
Programmed electrical stimulation or non -invasive 
premature stimulation has also been used to induce 
ventricular tachycardia, but does not always reliably 
induce ventricular fibrillation. Programmed electrical 
stimulation or non-invasive premature stimulation 
commonly consist of delivering a series of fixed rate 
pace pulses, followed by 1 to 5 pacing "extra-stimuli" 
at various shorter intervals coupled to the last fixed 
rate pulse. Both programmed electrical stimula- 
tion/non-invasive premature stimulation and burst 
pacing use the much smaller pacing electrodes which 
tend to localize the stimulation. Fibrillation is more 
easily induced when large portions of the heart are 
stimulated simultaneously. 

While these prior systems generally are effective, 
there is room for improvement 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present inven- 
tion to provide a method and apparatus for generating 
a multiphasic fibrillation inducing pulse train via the 
defibrillation/ cardioversion leads and electrodes of 
an already implanted defibrillator to thereby test the 
implanted defibrillator non invasively. 

Briefly, the present invention is directed to a 
method and apparatus for use with an implanted de- 
fibrillator, having an external programmer including 
telemetry means. The telemetry means is used to 



communicate with an implantable device incorporat- 
ing a multiphasic circuitry for non-invasively deliver- 
ing a fibrillation inducing pulse train via the defibrilla- 
tion/cardioversion leads and electrodes of the already 

5 implanted defibrillator. In this manner, the present in- 
vention facilitates testing of an already implanted de- 
fibrillator without the need to induce fibrillation by in- 
vasive techniques. 

The above and other objects and advantages will 

10 become more readily apparent when reference is 
made to the following description taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

)5 

Figure 1 is a schematic diagram of the circuitry of 
an implanted defibrillator, capable of generating a 
multiphasic defibrillation waveform, and adapted to 
be used with an external programmer, including tele- 
20 metry means, in accordance with the present inven- 
tion to deliver a fibrillation inducing pulse train via the 
defibrillation/cardioversion leads and electrodes of 
the implanted defibrillator. 

Figure 2 is a flow chart illustrating the operation 
25 of the circuitry shown in Figure 1 . 

Figure 3 is a graphical representation of a multi- 
phasic fibrillation inducing pulse train generated by 
firmware in the circuitry of FIG. 1, which is used to in- 
duce fibrillation in a heart for the purpose of testing 
30 an implanted cardiac defibrillator. 

Figure 4 is a graphical representation of an ap- 
proximation of the fibrillation inducing pulse train 
shown in Figure 3, which can be generated by utilizing 
the ratiometric capabilitis of the circuitry of Figure 1. 

35 

DETAILED DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates an implantable electrical cir- 
cuitry for generating a multiphasic defibrillation wave- 

40 form. An external programmer, including telemetry 
means, is used to communicate with the implanted 
circuitry to deliver fibrillation inducing pulse trains via 
the defibrillation/cardioversion leads and electrodes 
of the already implanted defibrillator in accordance 

45 with the present invention. 

Techniques for defibrillation/cardioversion have 
evolved over the years from a truncated exponentially 
decaying waveform of a capacitor to more sophisti- 
cated waveforms, such as multiphasic waveforms. In 

so this regard, it has been found that multiphasic wave- 
forms often are more effective in def ibrillating the 
heart. The circuit for generating multiphasic defibril- 
lation waveforms shown in FIG. 1, and the operation 
of which is illustrated by the flow chart in FIG. 2 is 

55 more fully disclosed in copending U.S. Patent Appli- 
cation S.N. , entitled: Method 
and Apparatus for Generating Multiphasic Defibrilla- 
tion Waveforms Based on Pulse Width Ratios, which 
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was filed on the same date as this application. The 
disclosure of which copending application is hereby 
incorporated by reference. 

In accordance with the present invention, the cir- 
cuit shown in FIG. 1 for example, can be used to re- 
motely induce fibrillation for the purpose of testing the 
effectiveness of the implanted defibrillator prior to 
discharging the patient from the hospital. 

Traditionally, testing of an implanted defibrillator 
has been accomplished by passing a catheter into the 
patient and inducing fibrillation via the catheter. Re- 
cently, however, remote control of an already implant- 
ed defibrillator has been accomplished by using an 
external programmer device or other similar device. 
An external programmer includes telemetry means 
that provides non-invasive control and interrogation 
of an implanted defibrillator. The external program- 
mer may include a telemetry wand to communicate 
with the implanted device via RF signals. 

According to the present invention, by using an 
external programmer or other similar device, fibrilla- 
tion can be induced via the leads and electrodes of 
the already implanted defibrillator. 

With reference to FIG. 1, an external programmer 
1 50 (or other similar device) having a telemetry wand 
152 is used to non-invasively cause the circuitry 100 
of the present invention to deliver a multiphasic fibril- 
lation inducing pulse train, rather than a multiphasic 
defibrillation waveform. An ideally effective fibrillation 
inducing pulse train 140 is illustrated in Figure 3. All 
of the pulses constituting the pulse train 140 have the 
same nominal voltage V n which is typically on the or- 
der of 15 volts but may be as low as 9 volts, with suc- 
cessive pulses alternating in polarity between nega- 
tive and positive polarity. The pulse width for each 
pulse is preferably 1.1 milliseconds, while the delay 
time td between successive pulses can range from 30 
to 50 milliseconds. A delay time of 30 milliseconds 
provides a high rate of pulses, while a 50 millisecond 
delay time provides a slower rate of pulses. The pulse 
widths are shorter than those which are used for de- 
fibrillation purposes. Likewise, the pulse width per- 
centages P 2 , P3, .... P n are all programmed to equal 
100 percent such that all pulses subsequent to the 
first have the same pulse widths t 2 , t 3> .... t n as the first 
pulse. 

The circuitry 100 is provided with logic which, 
upon detecting via the external programmer 150 or 
other similar device the command to induce fibrilla- 
tion, directly causes a pulse train to be emitted with a 
predetermined pulse width equal to t w , a nominal vol- 
tage equal to V R , and delay time equal to t<j. The logic 
can accomplish this by causing the charge control 
logic 108 to charge the capacitor 128 to a predeter- 
mined voltage equal to or slightly higher than V n . Next, 
the additional logic temporarily overrides the circuitry 
1 00 of Figure 1 causing switches si and s4 to close for 
tw milliseconds, then causing t he switches to open for 



the delay time td and thereafter closing switches s2 
and s3 for tw milliseconds, this process being repeat- 
ed by the additional logic until a predetermined period 
of time equal to the desired duration of the pulse train 

5 (preferably 2 - 5 seconds) has elapsed. In this man- 
ner, the pulse train is provided without having to de- 
tect any voltages other than the starting voltage of 
the capacitor. 

Alternatively, Figure 4 illustrates a close approx- 

10 imation 140' of the pulse train 140 of Figure 3, which 
can be generated by by using ratiometric capabilities 
of the circuitry 100. This approximation 140' is pri- 
marily achieved by choosing values of V 0 and Vi 
which, in addition to being slightly greater than V n , are 

15 very close to one another such that a shorter pulse 
width t t (comparable to t w , and shorter than that 
which is used for defibrillation purposes) is achieved 
for the first pulse. Likewise, the pulse width percen- 
tages P 2 , P3 P n are all programmed to equal 100 

20 percent such that all pulses subsequent to the first 
have the same pulse widths t 2 , t 3 , .... t„ as the first 
pulse. 

The approximated fibrillation inducing pulse train 
140' can also be generated without the need for pro- 

25 gramming the pulse width percentages. Instead, the 
circuitry 100 can be provided with logic which upon 
sensing via the external programmer 150 or other 
similar device the need to induce fibrillation, causes 
the contents of the data buffer 112 to be provided to 

30 the pulse control logic 118 in place of the result from 
the multiplier 110. Consequently, rather than provid- 
ing the result from the multiplier 11 0 to the pulse con- 
trol logic 118, the actual value oft, from the data buf- 
fer 118 is provided. Hence, all subsequent pulses are 

35 automatically delivered with the same pulse width as 
tt. 

Furthermore, modifications may be made to the 
circuitry 100 shown in Figure 3, for the purpose of de- 
livering fibrillation inducing pulse trains, without de- 

40 parting from the scope and spirit of the present inven- 
tion. For instance, the pulses or "mini-shocks" can be 
delivered in alternating polarity as set forth above, or 
all in the same polarity. Each pulse is delivered as a 
monphasic fixed pulse width shock, with short charge 

45 cycles between pulses. The shocks are delivered to 
the defibrillation electrodes by the four switch 
S 1t S 2 ,S 3 .S 4 switch bridge network. Such use of the 
same output circuit for the fibrillation inducing pulses 
as the normal defibrillation pulse delivery has not pre- 

50 viously been provided. The very high rate delivery 
through the larger shocking electrodes allow stimula- 
tion of a larger part of the hearL 

Further, retriggering capability is provided to al- 
low the delivery of a burst of pulses for any desired 

55 duration. The delivery being controlled by a user 
pressing and holding a button or key on the program- 
mer. In a preferred embodiment the pulse train is 2 - 
5 seconds long. 
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Alternative embodiments of the invention would 
provide higher rates of delivery of the fibrillation puls- 
es, for instance at 8 to 16 milliseconds. Lower pulse 
amplitudes would result in less energy delivery, and 
higher output impedance with provide for better cur- 5 
rent limiting. 

The above description is intended by way of ex- 
ample only and is not intended to limit the present in- 
vention in any way except as set forth in the following 
claims. 10 



Claims 

1. An implantable apparatus for generating a defi- 15 
brillation/cardioversion waveform for application 

to defibrillation electrodes, including an external 
programming means for causing said implantable 
apparatus to generate a multiphasic fibrillation in- 
ducing pulse train, each of said pulses being 20 
separated by a delay time with each pulse hav- 
ing a pulse width t*, and a nominal voltage V n . 

2. The apparatus of claim 1 , wherein said delay time 

td is set between 30 - 50 milliseconds, said pulse 25 
width C is 1 .1 milliseconds, and said nominal vol- 
tage V n is 15 volts for each of the pulses, said 
pulse train being 2-5 seconds long. 

3. The apparatus of claim 1 , wherein said fibrillation 30 
inducing pulse train is delivered to said defibrilla- 
tion electrodes. 

4. The apparatus of claim 1 , wherein said implant- 
able apparatus includes logic means which in re- 35 
sponse to said externa! programming means 
causes said implantable apparatus to generate a 
fibrillation inducing pulse train with a predeter- 
mined pulse width and a predetermined time de- 
lay. 40 
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PROVIDE THE (+) INPUT OF THE COMPARATOR 
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PROPORTIONAL TO THAT OF THE CAPACITOR 

^40 



I 



SEND SWITCH CONTROL SIGNALS TO SWITCHES 

SI, S 2, S3, AND S4 

^42 



I 



CLOSE SWITCHES SI AND S4 TO COMMENCE 
PHASE 1 

M4 



I 



COUNT TH E ELAPSED TIME 
46 y 




I I FIG. 2c 



PULSE CONTROL LOGIC ASSERTS "STORE' SIGNAL! 
AND CAUSES HIGH VOLTAGE TRANSLATORS TO 
DELIVER A SET OF SWITCH CONTROL SIGNALS 



I 



STORE ti IN THE DATA BUFFER AND OPEN THE 
SWITCHES S1 AND S4 THEREBY TERMINATING 

PHASE 1 

^52 



FIG. 2b 



7 



EP 0 589 252 A2 



DM ' 
2b 



SELECT PULSE WIDTH PERCENTAGE 

FOR THE SECOND PHASE AND I ^54 

PROVIDE TO THE MULTIPLIER w 



MULTIPLY THE SELECTED PERCEN- 
TAGE BY THE VALUE OF t, STORED 
IN THE DATA BUFFER TO OBTAIN 
NEXT PULSE WIDTH 





SEND SWITCH CONTROL SIGNALS TO 
SWITCHES SI. S2. S3, AND S4 




EVEN 




CLOSE SWITCHES 
S2 AND S3 TO 

PROVIDE A 
NEGATIVE PHASE 



•60- 



CLOSE SWITCHES 
SI AND S4 TO 

PROVIDE A 
POSITIVE PHASE 




OPEN THE SWITCHES WHICH WERE CLOSED 
IN STEP 60 



"PTJI 



SELECT PULSE WIDTH PERCENTAGE FOR NEXT PHASE 
AND PROVIDE TO THE MULTIPLIER 



EXTl 



62 



FIG. 2c 

8 



EP 0 589 252 A2 



V J\ 



4 



FIG. 3 



FIG. 4 



-V, 



9 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



